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Methods of Diverting Treating Fluids in Subterranean Zones 
and Degradable Diverting Materials 

BACKGROUND OF THE INVENTION 

1. Field of the Invention. 

[0001] The present invention provides methods of diverting treating fluids in 
subterranean zones penetrated by well bores. 

2. Description of the Prior Art. 

[0002] After a well bore is drilled and completed in a subterranean producing zone, it is 
often necessary to introduce a treating fluid into the zone. For example, the producing zone can 
be stimulated by introducing an aqueous acid solution into the producing zone to thereby 
increase its porosity and the production of hydrocarbons therefrom. In order to insure that the 
producing zone is contacted by the treating fluid uniformly, it has heretofore been the practice to 
place a particulate solid diverting agent in the zone. One technique has been to pack the 
diverting agent in perforation tunnels extending from the wellbore into the subterranean zone. 
The diverting agent in the perforation tunnels causes the treating fluid introduced therein to be 
uniformly distributed between all of the perforations whereby the subterranean zone is uniformly 
treated. 

[0003] A problem in the use of the above described procedure is that the particulate 
solid diverting agent must subsequently be removed from the perforation tunnel to allow the 
maximum flow of produced hydrocarbon from the subterranean zone into the well bore. This 
has heretofore been accomplished by contacting the particulate solid diverting agent with a fluid 



which degrades the diverting agent, such as, water, oil, xylene and the like. While the clean-up 
procedures utilized have been successful in removing the diverting agent, they often entail 
considerable time and expense to carry out. Thus, there are needs for improved methods of 
uniformly introducing treating fluids into subterranean producing zones without the requirement 
of removing the particulate solid diverting agent by contacting it with a clean-up solution. 

Summary of the Invention 

[0004] The present invention provides improved methods of diverting treating fluids 
introduced into subterranean producing zones which meet the needs described above and 
overcome the deficiencies of the prior art. 

[0005] An example of the methods of the present invention comprises the following 
steps. A degradable particulate diverting material which is capable of degrading over time is 
placed in a subterranean zone. A treating fluid may be introduced into the subterranean zone 
which then is diverted by the degradable particulate diverting material therein. Thereafter, the 
degradable particulate diverting material is allowed to degrade in the presence of the source of 
water in the subterranean zone. The source of water may be provided by particulate hydrated 
organic or inorganic solid compounds introduced into the subterranean formation either before, 
during or after the degradable particulate diverting material is introduced. 

[0006] Another improved method of the present invention comprises the following 
steps. A self-degradable particulate diverting material which degrades over time is placed in a 
subterranean producing zone. The self-degradable particulate diverting material comprises a 
mixture of a degradable particulate and a hydrated organic or inorganic solid compound. The 
treating fluid may be introduced into the subterranean zone and diverted by the self-degradable 
particulate diverting material therein. Thereafter, the degradable particulate in the self- 
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degradable particulate diverting material is allowed to degrade in the water provided by the 
hydrated organic or inorganic compound which dehydrates over time when heated in the 
subterranean zone. 

[0007] Yet another example of the methods of this invention comprises the following 
steps. A self-degradable particulate diverting material is packed into perforation tunnels formed 
in a subterranean zone which degrades therein over time. The self-degradable particulate 
diverting material comprises a mixture of a degradable particulate and a hydrated organic or 
inorganic compound. A treating fluid is introduced into the subterranean zone by way of the 
perforation tunnels which is diverted by the self-degradable particulate diverting material therein. 
Thereafter, the degradable particulate in the self-degradable particulate diverting material is 
allowed to degrade in the water provided by the hydrated organic or inorganic solid compound 
when heated in the subterranean zone. 

[0008] The features and advantages of the present invention will be readily apparent to 
those skilled in the art upon a reading of the description of preferred embodiments which 
follows. 

Detailed Description of the Invention 
[0009] The present invention provides improved methods of diverting a treating fluid in 
a subterranean zone penetrated by a well bore. In certain embodiments, the methods comprise 
the following steps. A degradable particulate diverting material comprising a degradable 
particulate which degrades over time is placed in the subterranean zone. A treating fluid is 
introduced into the subterranean zone which is diverted by the degradable particulate diverting 
material therein. Thereafter, the degradable particulate diverting material is allowed to degrade 
in the subterranean zone. 
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[0010] Nonlimiting examples of degradable particulates that may be used in conjunction 
with the compositions and methods of the present invention include but are not limited to 
degradable polymers. The term "particulate" as used herein is intended to include material 
particles having the physical shape of platelets, shavings, flakes, ribbons, rods, strips, spheroids, 
toroids, pellets, tablets or any other physical shape. The terms "degrade," "degradation," 
"degradable," and the like when used herein refer to both the two relative cases of hydrolytic 
degradation that the degradable particulate may undergo, i.e., heterogeneous (or bulk erosion) 
and homogeneous (or surface erosion), and any stage of degradation in between these two. This 
degradation can be a result of inter alia, a chemical or thermal reaction or a reaction induced by 
radiation. 

[0011] Suitable examples of degradable polymers that may be used in accordance with 
the present invention include but are not limited to those described in the publication of 
Advances in Polymer Science, Vol. 157 entitled "Degradable Aliphatic Polyesters" edited by A.- 
C. Albertsson. Specific examples include homopolymers, random, block, graft, and star- and 
hyper-branched aliphatic polyesters. Polycondensation reactions, ring-opening polymerizations, 
free radical polymerizations, anionic polymerizations, carbocationic polymerizations, 
coordinative ring-opening polymerizations, and any other suitable process may prepare such 
suitable polymers. Specific examples of suitable polymers include polysaccharides such as 
dextran or cellulose; chitins; chitosans; proteins; aliphatic polyesters; poly(lactides); 
poly(glycolides); poly(e-caprolactones); poly(hydroxybutyrates); poly(anhydrides); aliphatic 
polycarbonates; poly(orthoesters); poly(amino acids); polyethylene oxides); and 
polyphosphazenes. Of these suitable polymers, aliphatic polyesters and polyanhydrides are 
preferred. 
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[0012] Aliphatic polyesters degrade chemically, inter alia, by hydrolytic cleavage. 
Hydrolysis can be catalyzed by either acids or bases. Generally, during the hydrolysis, 
carboxylic end groups are formed during chain scission, and this may enhance the rate of further 
hydrolysis. This mechanism is known in the art as "autocatalysis," and is thought to make 
polyesters more bulk eroding. 

[0013] Suitable aliphatic polyesters have the general formula of repeating units shown 

below: 



where n is an integer between 75 and 10,000 and R is selected from the group consisting of 
hydrogen, alkyl, aryl, alkylaryl, acetyl, heteroatoms, and mixtures thereof. 

[0014] Of the suitable aliphatic polyesters, poly(lactide) is preferred. Poly(lactide) is 
synthesized either from lactic acid by a condensation reaction or more commonly by ring- 
opening polymerization of cyclic lactide monomer. Since both lactic acid and lactide can 
achieve the same repeating unit, the general term poly(lactic acid) as used herein refers to 
formula I without any limitation as to how the polymer was made such as from lactides, lactic 
acid, or oligomers, and without reference to the degree of polymerization or level of 
plasticization. 

[0015] The lactide monomer exists generally in three different forms: two stereoisomers 
L- and D-lactide and racemic D,L-lactide (mesolactide). The oligomers of lactic acid, and 
oligomers of lactide are defined by the formula: 




Formula I 



O 
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Formula II 0 

where m is an integer: 2<m<75. Preferably m is an integer: 2<m<10. These limits correspond to 
number average molecular weights below about 5,400 and below about 720, respectively. The 
chirality of the lactide units provides a means to adjust, inter alia, degradation rates, as well as 
physical and mechanical properties, Poly(L-lactide), for instance, is a semicrystalline polymer 
with a relatively slow hydrolysis rate. This could be desirable in applications of the present 
invention where a slower degradation of the degradable particulate is desired. Poly(D,L-lactide) 
may be a more amorphous polymer with a resultant faster hydrolysis rate. This may be suitable 
for other applications where a more rapid degradation may be appropriate. The stereoisomers of 
lactic acid may be used individually or combined to be used in accordance with the present 
invention. Additionally, they may be copolymerized with, for example, glycolide or other 
monomers like e-caprolactone, l,5-dioxepan-2-one, trimethylene carbonate, or other suitable 
monomers to obtain polymers with different properties or degradation times. Additionally, the 
lactic acid stereoisomers can be modified to be used in the present invention by, inter alia, 
blending, copolymerizing or otherwise mixing the stereoisomers, blending, copolymerizing or 
otherwise mixing high and low molecular weight polylactides, or by blending, copolymerizing or 
otherwise mixing a polylactide with another polyester or polyesters. 

[0016] Further plasticizers may be used in the compositions and methods of the present 
invention, and include derivatives of oligomeric lactic acid, selected from the group defined by 
the formula: 
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Formula III 



where R is hydrogen, alkyl, aryl, alkylaryl or acetyl, and R is saturated, where R' is hydrogen, 
alkyl, aryl, alkylaryl or acetyl, and R' is saturated, where R and R' cannot both be H, where q is 
an integer: 2<q<75; and mixtures thereof. Preferably q is an integer: 2<q<10. As used herein 
the term "derivatives of oligomeric lactic acid" includes derivatives of oligomeric lactide. 

[0017] The plasticizers may be present in any amount that provides the desired 
characteristics. For example, the various types of plasticizers discussed herein provide for (a) 
more effective compatibilization of the melt blend components; (b) improved processing 
characteristics during the blending and processing steps; and (c) control and regulate the 
sensitivity and degradation of the polymer by moisture. For pliability, plasticizer is present in 
higher amounts while other characteristics are enhanced by lower amounts. The compositions 
allow many of the desirable characteristics of pure nondegradable polymers. In addition, the 
presence of plasticizer facilitates melt processing, and enhances the degradation rate of the 
compositions in contact with the environment. The intimately plasticized composition should be 
processed into a final product in a manner adapted to retain the plasticizer as an intimate 
dispersion in the polymer for certain properties. These can include: (1) quenching the 
composition at a rate adapted to retain the plasticizer as an intimate dispersion; (2) melt 
processing and quenching the composition at a rate adapted to retain the plasticizer as an 
intimate dispersion; and (3) processing the composition into a final product in a maimer adapted 
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to maintain the plasticizer as an intimate dispersion. In certain preferred embodiments, the 
plasticizers are at least intimately dispersed within the aliphatic polyester. 

[0018] A preferred aliphatic polyester is poly(lactic acid). D-lactide is a dilactone, or 
cyclic dimer, of D-lactic acid. Similarly, L-lactide is a cyclic dimer of L-lactic acid. Meso D,L- 
lactide is a cyclic dimer of D-, and L-lactic acid. Racemic D,L-lactide comprises a 50/50 mixture 
of D-, and L-lactide. When used alone herein, the term "D,L-lactide" is intended to include 
meso D,L-lactide or racemic D,L-lactide. Poly(lactic acid) may be prepared from one or more of 
the above. The chirality of the lactide units provides a means to adjust degradation rates as well 
as physical and mechanical properties. Poly(L-lactide), for instance, is a semicrystalline polymer 
with a relatively slow hydrolysis rate. This could be desirable in applications of the present 
invention where slow degradation is preferred. Poly(D,L-lactide) is an amorphous polymer with 
a faster hydrolysis rate. This may be suitable for other applications of the present invention. The 
stereoisomers of lactic acid may be used individually combined or copolymerized in accordance 
with the present invention. 

[0019] The aliphatic polyesters of the present invention may be prepared by 
substantially any of the conventionally known manufacturing methods such as those disclosed in 
U.S. Patent Nos. 6,323,307; 5,216,050; 4,387,769; 3,912,692 and 2,703,316, the relevant 
disclosures of which are incorporated herein by reference. 

[0020] Poly(anhydrides) are another type of particularly suitable degradable polymer 
useful in the present invention. Poly(anhydride) hydrolysis proceeds, inter alia, via free 
carboxylic acid chain-ends to yield carboxylic acids as final degradation products. The erosion 
time can be varied over a broad range of changes in the polymer backbone. Examples of suitable 
poly(anhydrides) include poly(adipic anhydride), poly(suberic anhydride), poly(sebacic 
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anhydride), and poly(dodecanedioic anhydride). Other suitable examples include but are not 
limited to poly(maleic anhydride) and poly(benzoic anhydride). 

[0021] The physical properties of degradable polymers depend on several factors such as 
the composition of the repeat units, flexibility of the chain, presence of polar groups, molecular 
mass, degree of branching, crystallinity, orientation, etc. For example, short chain branches 
reduce the degree of crystallinity of polymers while long chain branches lower the melt viscosity 
and impart, inter alia, elongational viscosity with tension-stiffening behavior. The properties of 
the material utilized can be further tailored by blending, and copolymerizing it with another 
polymer, or by a change in the macromolecular architecture (e.g., hyper-branched polymers, star- 
shaped, or dendrimers, etc.). The properties of any such suitable degradable polymers (e.g., 
hydrophobicity, hydrophilicity, rate of degradation, etc.) can be tailored by introducing select 
functional groups along the polymer chains. For example, poly(phenyllactide) will degrade at 
about l/5th of the rate of racemic poly(lactide) at a pH of 7.4 at 55°C. One of ordinary skill in 
the art with the benefit of this disclosure will be able to determine the appropriate functional 
groups to introduce to and the structure of the polymer chains to achieve the desired physical 
properties of the degradable polymers. 

[0022] In choosing the appropriate degradable material, one should consider the 
degradation products that will result. These degradation products should not adversely affect 
other operations or components. The choice of degradable material also can depend, at least in 
part, on the conditions of the well, e.g., wellbore temperature. For instance, lactides have been 
found to be suitable for lower temperature wells, including those within the range of 60°F to 
150°F, and polylactides have been found to be suitable for well bore temperatures above this 
range. Also, poly(lactic acid) may be suitable for higher temperature wells. Some stereoisomers 
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of poly(lactide) or mixtures of such stereoisomers may be suitable for even higher temperature 
applications. 

[0023] Examples of treating fluids which can be introduced into the subterranean zone 
containing the degradable particulate diverting material include, but are not limited to, water 
based foams, fresh water, salt water, formation water and various aqueous solutions. The 
aqueous solutions include, but are not limited to, aqueous acid solutions, aqueous scale inhibitor 
material solutions, aqueous water blocking material solutions, aqueous clay stabilizer solutions, 
aqueous chelating agent solutions, aqueous surfactant solutions and aqueous paraffin removal 
solutions. 

[0024] Another improved method of diverting a treating fluid in a subterranean zone 
penetrated by a well bore comprises the following steps. A self-degradable particulate diverting 
material which degrades over time is placed in the subterranean zone. The self-degradable 
particulate diverting material comprises a mixture of a degradable aliphatic polyester and a 
hydrated organic or inorganic solid compound. A treating fluid may be introduced into the 
subterranean zone and then diverted by the self-degradable particulate diverting material therein. 
Thereafter, the degradable aliphatic polyester in the self-degradable particulate diverting material 
is allowed to at least partially degrade in the releasable water provided by the hydrated organic or 
inorganic compound which dehydrates over time when heated in the subterranean zone. 

[0025] Examples of the hydrated organic or inorganic solid compounds that can be 
utilized in the self-degradable diverting material include, but are not limited to, hydrates of 
organic acids or their salts such as sodium acetate trihydrate, L-tartaric acid disodium salt 
dihydrate, sodium citrate dihydrate, hydrates of inorganic acids or their salts such as sodium 
tetraborate decahydrate, sodium hydrogen phosphate heptahydrate, sodium phosphate 
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dodecahydrate, amylose, starch-based hydrophilic polymers, and cellulose-based hydrophilic 
polymers. Of these, sodium acetate trihydrate is preferred. The lactide units of the aliphatic 
polyester and the releasable water of the organic or inorganic solid compound utilized are 
preferably present in the mixture in equal molar amounts. 

[0026] The treating fluid introduced into the subterranean zone containing the self- 
degradable particulate diverting material can be any of a variety of treating fluids, including but 
not limited to, oil, oil-water emulsions, oil based foams, water based foams, fresh water, salt 
water, formation water and various other aqueous solutions. The examples of aqueous treating 
solutions which can be used include, but are not limited to, aqueous acid solutions, aqueous scale 
inhibiting material solutions, aqueous water blocking material solutions, aqueous clay stabilizer 
solutions, aqueous chelating agent solutions, aqueous surfactant solutions and aqueous paraffin 
removal solutions. 

[0027] When the aqueous treating fluid is an aqueous acid solution, the aqueous acid 
solution can include one or more mineral acids such as hydrochloric acid, hydrofluoric acid, or 
organic acids such as acetic acid, formic acid and other organic acids or mixtures thereof. In 
acidizing procedures for increasing the porosity of subterranean producing zones, a mixture of 
hydrochloric and hydrofluoric acids is commonly utilized. 

[0028] Another aqueous treating fluid which can be introduced into the subterranean 
producing zone in accordance with this invention is a solution of an aqueous scale inhibitor 
material. The aqueous scale inhibitor solution can contain one or more scale inhibitor materials 
including, but not limited to, tetrasodium ethylenediamine acetate, pentamethylene phosphonate, 
hexamethylenediamine phosphonate and polyacrylate. These scale inhibitor materials attach 
themselves to the subterranean zone surfaces whereby they inhibit the formation of scale in 
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tubular goods and the like when hydrocarbons and water are produced from the subterranean 
zone. 

[0029] Another aqueous treating solution which can be utilized is a solution of an 
aqueous water blocking material. The water blocking material solution can contain one or more 
water blocking materials which attach themselves to the formation in water producing areas 
whereby the production of water is reduced or terminated. Examples of water blocking materials 
that can be used include, but are not limited to, sodium silicate gels, organic polymers cross- 
linked with metal cross-linkers and organic polymers cross-linked with organic cross-linkers. Of 
these, organic polymers cross-linked with organic cross-linkers are preferred. 

[0030] Other aqueous solutions that can be used include, but are not limited to, aqueous 
clay stabilizer solutions, aqueous chelating agent solutions, aqueous surfactant solutions and 
aqueous paraffin removal solutions. 

[0031] One method of the present invention for uniformly introducing a treating fluid 
into a subterranean zone penetrated by a well bore having perforation tunnels formed therein 
comprises the following steps. A self-degradable particulate diverting material which degrades 
over time is packed in the perforation tunnels in an amount sufficient to provide a substantially 
uniform pressure drop across two or more adjacent perforations or intervals. The self-degradable 
particulate diverting material comprises a mixture of a degradable aliphatic polyester and a 
hydrated organic or inorganic compound. The particulate may be introduced into the perforation 
tunnels by mixing the particulate with a carrier fluid introduced into the perforation tunnels or by 
any other suitable means. The carrier fluid may be any fluid which does not adversely react with 
the particulate. A treating fluid then is introduced into the subterranean zone by way of the 
perforation tunnels and is substantially uniformly diverted by the self-degradable particulate 
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diverting material therein as a result of the substantially uniform pressure drop between adjacent 
perforations. Thereafter, the degradable aliphatic polyester in the self-degradable particulate 
diverting material is allowed to at least partially degrade in the releasable water provided by the 
hydrated organic or inorganic solid compound when heated in the subterranean zone. 

[0032] The hydrated organic or inorganic solid compounds are those previously 
described with sodium acetate trihydrate being preferred. The lactide units of the aliphatic 
polyester and the releasable water from the organic or inorganic compound are preferably 
present in the mixture in equal molar amounts. It is to be understood that the specific amount of 
the hydrated compound that may be included will depend upon the presence of formation water, 
produced fluids, formation temperature, treating fluid and production rates. 

[0033] The treating fluids that can be introduced into the subterranean zone include, but 
are not limited to, oil, oil-water emulsions, oil based foams, water based foams, fresh water, salt 
water, formation water and various aqueous solutions. The aqueous solutions that can be utilized 
are the same as those described previously. 

[0034] The degradable particulate diverting materials of this invention can be placed in 
the subterranean zone or packed into perforation tunnels in the subterranean zone by introducing 
a carrier fluid containing the degradable particulate diverting materials into the subterranean 
zone. The carrier fluid dissipates into the subterranean zone and degradable particulate diverting 
materials is screened out of the carrier fluid by the formation. A variety of carrier fluids can be 
utilized including, but not limited to, water, brines, seawater or formation water. Of these, in 
certain embodiments, brines and seawater are preferred. 

[0035] In one embodiment, a degradable particulate diverting material of this invention 
a mixture of degradable aliphatic polyester and a hydrated organic or inorganic solid compound. 
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As mentioned above, the hydrated organic or inorganic solid compounds that can be utilized 
include, but are not limited to, hydrates of organic acids or their salts such as sodium acetate 
trihydrate, L-tartaric acid disodium salt dihydrate, sodium citrate dihydrate, hydrates of inorganic 
acids or their salts such as sodium tetraborate decahydrate, sodium hydrogen phosphate 
heptahydrate, sodium phosphate dodecahydrate, amylose, starch-based hydrophilic polymers, 
and cellulose-based hydrophilic polymers. The lactide units of the aliphatic polyester and the 
releasable water from the organic or inorganic compound preferably are present in equal molar 
amounts. 

[0036] As will now be understood by those skilled in the art, any one of a variety of 
treating fluids can be introduced into a subterranean producing zone in accordance with this 
invention. Because the treating fluid is diverted in the subterranean producing zone by the 
diverting materials of this invention, the treating fluid reaches the target part or parts of the 
subterranean zone. When the subterranean zone includes perforation tunnels, the treating fluid is 
uniformly distributed into the producing zone by a degradable particulate diverting material of 
this invention in the tunnels. After the treating fluid has been placed in the zone, the degradable 
particulate diverting material at least partially degrades, which allows the formation fluids to 
freely flow into the well bore. The fluid in which the degradable particulate diverting material 
may be degraded is released water or treating fluid water. When the degradable particulate 
diverting material is a self-degradable diverting material, the self-degradable particulate 
diverting material at least partially degrades in the releasable water provided by the hydrated 
organic or inorganic solid compound which is mixed with the degradable particulate when 
heated in the subterranean zone. Thus the degradable particulate diverting material is suitable 
even when non-aqueous treating fluids are utilized or when an aqueous treating fluid has 
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dissipated within the formation or otherwise been removed from the formation such as by 
flowback. 

[0037] In yet other embodiments of the present invention, the self-degradable particulate 
diverting material can be formed into particles of selected sizes. That is, the particulate 
degradable polymer can be degraded in a solvent such as methylene chloride, trichloroethylene, 
chloroform, cyclohexane, methylene diiodide, mixtures thereof and the like to which a very fine 
powder of the hydrated organic or inorganic compound is slurried. The solvent is then removed 
to form a solid material which can be formed into desired particle sizes. Alternatively, fine 
powders can be admixed and then granulated or pelletized to form mixtures having any desired 
particle sizes. 

[0038] As will now be understood, the improved methods and degradable particulate 
diverting material of this invention do not require removal with a clean-up fluid to degrade the 
degradable particulate diverting materials as has been the practice heretofore. As a result, the 
methods and the degradable particulate diverting materials of this invention are much simpler 
and more economical to perform and use. 

[0039] An example of one of the preferred methods of this invention for diverting a 
treating fluid in a subterranean zone penetrated by a well bore comprises the steps of: (a) placing 
a degradable particulate diverting material in the subterranean zone which is capable of 
degrading therein over time; (b) introducing a treating fluid into the subterranean zone which is 
diverted by the degradable particulate diverting material therein; and (c) introducing a source of 
releasable water into the subterranean zone and allowing the degradable particulate diverting 
material to at least partially degrade in the presence of the released water in the subterranean 
zone. 
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[0040] Another example of the improved methods of this invention for diverting a 
treating fluid in a subterranean zone penetrated by a well bore comprises the steps of: (a) placing 
a self-degradable particulate diverting material in the subterranean zone which degrades therein 
over time, the self-degradable particulate diverting material comprising a blend of a degradable 
polymer and a hydrated organic or inorganic compound; (b) introducing the treating fluid into 
the subterranean zone which is diverted by the self-degradable particulate diverting material 
therein; and (c) allowing the degradable polymer in the self-degradable particulate diverting 
material to at least partially degrade in the released water provided by the hydrated organic or 
inorganic compound which dehydrates over time when heated in the subterranean zone. 

[0041] Yet another method of this invention for uniformly introducing a treating fluid 
into a subterranean zone penetrated by a well bore having perforation tunnels formed therein 
comprises the steps of: (a) packing a self-degradable particulate diverting material in the 
perforation tunnels which degrades therein over time, the self-degradable particulate diverting 
material comprising a mixture of a degradable polymer and a hydrated organic or inorganic 
compound; (b) introducing the treating fluid into the subterranean zone by way of the perforation 
tunnels which is diverted by the self-degradable particulate diverting material therein; and 
(c) allowing the degradable polymer in the self-degradable particulate diverting material to at 
least partially degrade in the releasable water provided by the hydrated organic or inorganic 
compound when heated in the subterranean zone. 

[0042] A particularly preferred degradable particulate diverting material of this 
invention comprises poly(lactic acid). A particularly preferred particulate self-degradable 
particulate diverting material of this invention comprises a mixture of poly(lactic acid) and 
sodium acetate trihydrate. 
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[0043] In certain embodiments, the temperature of the subterranean formation into 
which the degradable particulate diverting materials are introduced has a temperature in excess 
of about 180°F and most preferably a temperature in excess of about 200T to facilitate release of 
the water in the hydrated inorganic or organic solid compound. While no particular upper 
temperature limit is known to exist, the diverting material of the present invention is believed to 
be useful in formations having a temperature level in the range of from about 350T to about 
500 F and would be expected to function up to about the melting temperature of the particular 
material. Some stereoisomers of poly(lactide) or mixtures of such stereoisomers may be suitable 
for even higher temperature applications. 

[0044] In order to further illustrate the methods and degradable diverting materials of 
this invention, the following examples are given. In no way should such examples be read to 
limit the scope of the invention. 

Example 1 

[0045] To illustrate the ability of the degradable particulate diverting material or self- 
degradable particulate diverting material to at least partially degrade as discussed herein, the 
following tests were performed. One sample was prepared in accordance with the methods of 
the present invention by mixing 20 grams of an aliphatic polyester comprising poly(lactic acid) 
with 18 grams of sodium tetraborate decahydrate and the dry powdery mixture then was placed 
in a Teflon® lined stainless steel autoclave. The first mixture was heated in the autoclave under 
static conditions at 250°F for 72 hours. A second sample was prepared by mixing 20 grams of 
the poly(lactic acid) with 9.5 grams of anhydrous sodium tetraborate and the dry powdery 
mixture then was placed in a Teflon® lined stainless steel autoclave. The second mixture also 
was heated in the autoclave under static conditions at 250°F for 72 hours. After 72 hours the 
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autoclaves were opened and the first sample was found to have been converted to a yellow 
liquid, which could be poured from the autoclave cell The second sample appeared unchanged 
and was in the form of a dry powder. The test demonstrates that the degradable particulate can 
be degraded in the presence of released water from a hydrated solid compound. 

[0046] Thus the present invention is well adapted to carry out the objects and attain the 
ends and advantages mentioned as well as those which are inherent therein. While numerous 
changes can be made by those skilled in the art, such changes are encompassed within the spirit 
of this invention as defined by the appended claims. 
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